26511659
SONMINE G
- ® CHANGE 13768

CLASSTFICATION

\FIED
UNCLASS! 2 A

To :
By autbority of] W ta‘cioni ;‘ASA
Charged by “ent uast§y ation Facilit

. Inform
ClaSbél;ic ;n' Technical
gcientd

— &

SID-62-930
| ASPO DISTRIBUTION COPY
| Destroy when no longer in use
i Do not return to ASPO file
|
3 ' #;’9/ DATA REPORT FOR APOLLO
| (2672/0 | PS-4 MODEL IN THE AEDC
| I HOTSHOT II WIND TUNNEL
| | (v)
NAS 9-150
4.5 5
. 13 August 1962
Approved by

C, Q
D. J. Gildea -~ Manager
Flight Technology

This document con!
United States within
Section 793 and 794. It:
manner to an unauthorized

OV ICRAR: YEAR INTERVALS

information affecting
meaning of the E

national defense of the
age Laws, Title 18 U.S.C.

BECLA 2 YEARS
DOD DIR 5200.10
NORTH AMERICAN AVIATION, INC.
. SPACE and INFORMATION SYSTEMS DIVISION

T



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

FOREWORD

The tests described herein were conducted under NASA
Apollo Contract NAS-9-150, during the period from 18 June
1962 to 29 June 1962.

This report was prepared by H. C. Smith of the Wind
Tunnel ProJjects Group, Los Angeles Division.

Lo Q ,
. C. len - Supervisor
wWind Tunnel Test, S.I.D.
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ABSTRACT

This report contains results of pressure tests of the
0.04 scale Apollo model PS-4. The tests were conducted in
the Arnold Center VKF Hotshot II tunnel at a Mach number of
19.5.

Pressure coefficilents and pressure ratio data are
given for all valid runs. This report presents basic wind
tunnel test data only, in order to make the test results
available at the earliest possible date. Analysis and
summary of results will be reported later under separate
cover.
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I. INTRODUCTION

Hypersonic wind tunnel tests of the 0.04 scale Apollo
pressure model PS-4 were conducted to investigate the pres-
sure distributions on the command module for determining
aerodynamic loads during entry at a Mach number of 19.

The command module was tested through an angle of
attack range of 120° to 180°.

Pretest information was given in Reference (b).

SID-62-930
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II. REMARKS

In order to obtain pressure distributions on the Apollo
command module, pressures were measured at 35 locations on
the surface of the model. Since the command module is
symmetrical about the pitch plane the pressure orifices were
primarily located on one half of the model. Transducers
installed in the model at each orifice were used to measure
the pressures. One transducer was inoperative during six
runs of the test, however, due to the spacing of the pressure
orifices, this one pressure reading was not considered
critical to the final results of the data.

Accuracy of the final data is 5%.

- , SID-62-930
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III. MODEL DESCRIPTION

A. General

The model is a 0.04 scale representation of the
Apollo command module mounted on a sting in a position
so as to place the blunt face forward. In order to
cover the desired range of angle of attack of 120° to
180° the sting which is an integral part of the model
is at an angle of approximately 10° to the center line
of the model. Through the use of a straight sting
adapter, a 30° offset adapter, and the sector pitch
range of 30°, one model was used to cover the desired
angle of attack range.

The model had 35 pressure orifices distributed
over 1its surface on both the blunt face and the conical
sectilon.

The structural integrity of the model 1s analyzed

in Reference (a), and the model design drawings are
listed in Section V of this report.

SrOITmEeee  SID-62-930



NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

e

<R

III. MODEL DESCRIPTION -~ continued

B. Instrumentation

Pressures were measured at each orifice using low
impedance, variable reluctance, wafer gage transducers
installed in the model. The model 1s a pressure tight
shell capable of being evacuated to provide a reference
pressure for the transducers. A Hastlngs tube-type
DV-3 gage was also installed in the model to record
the reference pressure which was held constant during
a run.

SO  51D-62-930
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III. MODEL DESCRIPTION - continued

C. Model Nomenclature and Full Scale Dimensions

Command Module C2

Description: Command module with 9.13" nose cone
vertex radius

Previous Tesats: None

Drawing No.: 7121-01159(-2), (-3)

Full Scale Dimensions:

Maximum diameter, in. 153.88

Radius of spherical blunt end, in. 184.80

Corner radius, in. T.70

Nose cone semi-angle, deg. 33.00

Nose cone vertex radius, 1in. 9.13
-5-
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III. MODEL DESCRIPTION - continued

D. Configuration Sketch

Command Module (C2)

153.9

< 1421

Dimensions full scale, inches
Drawing not to scale

| SID-62-930
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IV. TEST PROCEDURE

A. Test Nomenclature

Mo = Free stream Mach number
Vo = Free stream velocity-fps

Re = Model Reynolds number

P = Local orifice pressure-psi

Po = Free stream static pressure-psi
go = Free stream dynamlic pressure-psi
Ho = Reservoir pressure (max.)-psi

TTo = Reservoir temperature (max.)-°K
PT2 = Total pressure behind a normal shock-psil

Cp = Pressure coefficient = P - Po
Qo

S = Distance to orifice from center of pointed end of

model measured along surface of model, positive on
windward side

r = Radlus of command module at maximum sectlon
A = Angle of plane of instrumentation relative to pitch
plane

o = Angle of attack of model, OC= O when pointed end
of command module faces airstream

= SID-62-930
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IV. TEST PROCEDURE - continued

B. Model Installation

In order to cover the range of angle of attack
of 120° to 180° with one model and a wind tunnel sector
with a range of -12° to +20°, use was made of straight
and 30° offset sting adapters. The sting, which is
and integral part of the model, enters the model at
an angle of 10.25° to the model center line.

The sketch below shows the orientation of the
pressure orifices wlth the model at an angle of attack
less than 180°.

ORIFICE 96
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IV. TEST PROCEDURE - continued

C. Instrumentation

Pressures on the surface of the model were
measured uslng wafer gage transducers mounted inside
the model. The output of the transducers was recorded
on two osclllographs and the pressures were then hand
computed. The inside of the model was evacuated and
held constant during a run in order to provide a
reference pressure for the transducers.

The range of transducers used during the test
were 0.5 psi and 3.0 psi. The transducers were call-
brated prior to each run. The sketch on the following
page shows the location of each pressure orifice and
the range of transducer used at each orifice. The
transducer at orifice number 67 was inoperatiwe for
runs 1240 through 1245.

-10-
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IV. TEST PROCEDURE - continued

C. Instrumentation - continued

O = 3.0 psi. transducers
@ = 0.5 psi. transducers
2\ = Angle of plane of instrumentation relative to
pitch plane
s = Distance to orifice from center of pointed end
measured along surface of module, positive on
windward side
r = Radius of command module at maximum sectlion
p# = Pressure orifice number
‘ A= O A= 45° A= 907
jid s8/x | P& s/r | [pz s/r | |Bk s/x
2 . 317 12 2.708 23 .T04 L5 1.479
3 LTOU 13 2.%83 25 1.479 L6 1.799
4 1.092 | 86 -1.799| |26 1.799 47 1.899
5 1.479 87 -1.899 27 1.899 49 2.171
6 1.799 88 ~-1.986 29 2.171 51 2.531
T 1.899 89 -2.171 31 2.531 13 2.883
8 1.986 90 -2.353 13 2.883 129 -2.171
9 2.171 91 -2.531 66 -1.799
10 2.353 92 -2.708 67 -1.899
11 2.531 13 -2.883 69 -2.171
71 —2.581
13 -2.883

L g SID-62-930
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IVv. TEST PROCEDURE

D. Data Reduction

Oscillograph data were read every 10 to 12 milliseconds and
pressures were hand computed. Stagnation pressure behind a normal
shock (PT2) was determined by averaging the total pressure measured
on two probes near the model and a pressure measured on the model,
near the stagnation point, corrected to stagnation conditions using
modified Newtonian Theory. The corrected model pressure was used
when the average of the three pressure measurements deviated more
than one to two per cent from the corrected model pressure.
Irregularities in the flow across the test section measured by the
probes caused these deviations. It was necessary to use the probe
pressures at 120° angle of attack since the location of the orifices
on the model and the sharp curvature of the model at the corner did
not allow accurate determination of the Newtonian correction factor.
The personnel of AEDC at the Hotshot II tunnel feel that the above
method is the best to be used in determining PT, because of the
irregularities of the flow in the test section and the accuracy of
+ 5 per cent of the data gathering system.

Arc chamber conditions and the stagnation pressure behind a
normal shock (PT2) were used in a digital program to compute test
section conditions. Free stream dynamic pressure obtained from this
program was used to hand compute pressure coefficients for each
orifice on the model.

-12 -
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(a)
(b)
(c)

(d)

N
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